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REMARKS 

No new matter is introduced by the amendments. 

The addition of the recitation "elicits protective antibodies" in claim 1 and claim 
16 is supported throughout the specification. For example, at page 4, lines 29-31: "An aspect of 
the invention is a method of eliciting the production of antibodies in mammals using the (3- 
propionamide-linked polysaccharide-protein conjugates that protect the mammals against 
infection or disease." Also, the specification discloses data that the claimed conjugates do elicit 
protective antibodies at Tables 5-7, Opsonophagocytic assays (OP). 

The replacement of the recitation "comprising an N-propionated polysaccharide 
or N-propionated oligosaccharide" with "comprise an N-propionated saccharide" does not 
introduce new matter. This use of the term "saccharide" is used to simply reflect that claimed 
conjugates may comprise either oligosaccharides or polysaccharides. ' Support is provided 
throughout the specification. For example, at page 7, Section A, "Preparation of the N- 
acryloylated polysaccharides", the specification states that the starting material may be 
polysaccharides or oligosaccharides: "Polysaccharide or oligosaccharide may be obtained using 
base hydrolysis or enzymatic hydrolysis..." (page 7, lines 8-9). Support for the addition of "and 
wherein the N-propionated saccharide is de-N-acetylated and N-acryloylated at the de-N- 
acetylated terminus" in claim 1, is found throughout the specification, for example, at page 10, 
lines 6-14. 

The addition of the recitations "at a de-N-acetylated terminus" and "coupling at a 
p-position of a propionate moeity" in claim 16 are supported, for example, at page 10, lines 6-14 
and at Example 2. These amendments were made in order to more clearly describe the claimed 
invention and add no new matter. 

The addition of the term "obtained" to claims 3, 4, 5, 17, and 37 was made in 
order to respond to the Examiner's concern that the term "derived" is indefinite. Applicants 
disagree with the Examiner's contention concerning the recitation of "derived" which applicants 
believe properly and definitely describes applicants' invention. The use of "derived" is 
appropriate because the polysaccharides which are obtained from cells for use in the conjugates 
are then subjected to modification by being N-acryloylated at de-N-acetylated terminal groups 
prior to conjugation to protein. Support for the addition of "obtained" is found at page 7, line 8. 

Other changes to the claims were made in response to rejections and objections 
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made by the Examiner. Detailed responses to these rejections and objections are stated in this 
Response below. No new matter has been added by these amendments. 

The changes to the specification only reflect changes to comply with stylistic 
norms. Entry of the amendments are respectfully requested. 

Response to Specification Objection (Examiner's Action #7(c)): 

The specification is objected to because the Examiner contends that the claim 
recitations "N-propionated polysaccharide" and "N-propionated oligosaccharide" do not appear 
to have antecedence in the specification, Applicants respectfully disagree. 

First of all, the recitations "N-propionated polysaccharide" and "N-propionated 

oligosaccharide" are used in the claims as originally filed, and thus these recitations are disclosed 

in the specification. Also, the claim recitations "N-propionated polysaccharide" and "N- 

propionated oligosaccharide" define the claimed invention with a reasonable degree of clarity 

and precision. The methods used in the instant application apply for both oligosaccharides and 

polysaccharides. Support is found throughout the specification. For example, at page 8, lines 

25-29, under Section 2 "N-Acryloylation of the Polysaccharide" (i.e., the process of making N- 

propionated saccharides), the specification recites: 

The alkaline or enzymatic hydrolysis of the polysaccharide or 
oligosaccharide results in the removal of N-acetyl groups from sialic 
acid and amino sugar residues of the polysaccharides or 
oligosaccharides. After hydrolysis, the polysaccharide or 
oligosaccharide is N-acryloylated to the extent desired by using a 
variety of acryloylating agents. 

Thus, the recitations of "polysaccharide" and "oligosaccharide" are supported for the claimed 

conjugates and methods. 

Applicants respectfully disagree with the Examiner's objection to the recitation 

"N-propionated". First of all, the recitation "N-propionated" is used in the claims as originally 

filed, and thus the recitation "N-propionated" is disclosed in the specification. Also, the 

recitations "N-propionated polysaccharide" and "N-propionated oligosaccharide" are defined by 

a claimed method of forming a immunogenic polysaccharide- or oligosaccharide-protein 

conjugate. For example, on page 10, lines 6-14, the instant specification states: 

In one method of forming a immunogenic polysaccharide-protein 
conjugate, an isolated polysaccharide (glycosaminoglycan) 
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containing free amino groups or N-acyl groups (e.g. N-acetyl 
groups) in the sugar residues that constitute its repeating unit, is first 
treated hydrolyzed using base or enzyme to remove part of all of its 
N-acyl groups. The free amino groups are then N-acylated with an 
N-acryloylating reagent to form the N-acryloylated polysaccharide 
described above. The N-acryloylated polysaccharide is then directly 
coupled to protein under optimum conditions of pH, temperature 
and time to form an immunogenic P-propionamido-linked 
polysaccharide-protein conjugate. 

After deacetylation, the free amino groups of a polysaccharide or oligosaccharide are re-N- 
acylated with an N-acryloylating reagent, as described above, to form the N-acryloylated 
polysaccharide. This N-acryloylated polysaccharide (oligosaccharide) is equivalently described 
within the art as an "N-propionated polysaccharide (oligosaccharide)" because the process of N- 
acryloylation forms a propionate group where the sugar residue has been de-N-acetylated. 
Again, the methods disclosed in the instant application may be used for both poly- and oligo- 
saccharides as the specification mentions this fact repeatedly. For example, "This invention 
provides the ability to produce conjugate molecules wherein the protein is linked to the 
polysaccharide or oligosaccharide through one or more sites on the polysaccharide or 
oligosaccharide." (page 9, lines 30-32). 

Further support for the process of making N-propionated saccharides can be 
found in the specification at the paragraph spanning page 10 and page 11, and in Figure 1. 
Applicants have duplicated Figure 1 on the following page to diagram a claimed method of 
forming a immunogenic polysaccharide- or oligosaccharide-protein conjugate, so that applicants 
may show how a polysaccharide (and oligosaccharide) is N-propionated. 

O 
II 

CH 2 =CHCC1 

Base 

PS-NHAc i > PS-NH 2 | ^> p S _NH 

Enzyme 




In step (1), the polysaccharide is de-acetylated by either base or enzyme, resulting in product (2). 
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The de-acetylated polysaccharide is then N-acryloylated, so that in (3), the polysaccharide has a 
propionate group (boxed region in (3)) where originally an acyl group resided (1). Thus, the 
process of N-acryloylation in the instant invention forms an N-propionated polysaccharide or 
oligosaccharide. Applicants respectfully request reconsideration and withdrawal of this ground 
of objection. 

Response to Section 112, First Paragraph Rejection (Examiner's Action #8): 

Claims 18 and 20 have been rejected because the Examiner contends that the 

specification does not reasonably provide enablement for a polysaccharide/oligosaccharide- 

protein conjugate wherein the conjugation is conducted at a pH of 7.0 and in a phosphate buffer. 

Specifically, the Examiner refers to various reports in the art (Romanowska et al 

(1994), Roy et al (1990), Roy et al (1991), and Pon (1992)) as support for her contention that 

undue experimentation would be required to conjugate an N-acryloylated polysaccharide or 

oligosaccharide by Michael addition at a pH of about 7.0 in a phosphate buffer medium, because 

the Examiner contends that the reports cited above show that such conjugation would not work. 

Thus, the Examiner states "This is important because there is no certainty that this type of 

conjugation could optimally and/or effectively be conducted at a non-alkaline pH." 

The instant specification provides clear guidance as to when conditions of neutral 

pH should be used so that conjugation would be effective: 

In one embodiment, the method of conjugation is conducted at a pH 
above 9.0, preferably a pH of about 9.0 to about 10.0 for optimal 
reactivity of e-free amino groups of lysine residues on the protein. In 
another embodiment, the method of conjugation is conducted at a neutral 
pH of about 7.0 for optimal reactivity of thiol (SH) groups of cysteine 
residues of the protein. The selection of pH for conducting the method 
of conjugation may be based on the number of reactive groups in a 
particular carrier protein. For example, a method using a protein 
composed of more reactive lysine residues as compared to cysteine 
residues is preferably conducted at a basic pH. A method of conjugation 
using a protein composed of more reactive cysteine residues as compared 
to lysine residues is preferably conducted at about a neutral pH. (page 
10, lines 15-25). 

The references cited by the Examiner do not mention anything about conjugation of cysteine-rich 
proteins to polysaccharides. Therefore, applicants respectfully assert that the Examiner's 
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enablement rejection is improper, since "it is incumbent upon the Patent Office, whenever a 
rejection on this basis [enablement] is made, to explain why it doubts the truth or accuracy of any 
statement in a supporting disclosure and to back up assertions of its own with acceptable 
evidence or reasoning which is inconsistent with the contested statement." (MPEP §2164.04). 
Applicants respectfully contend that the Examiner has not provided a basis for which to reject 
the truth or accuracy of the specification's guidance for the conjugation of cysteine-rich proteins 
at neutral pH. 

As for conjugation in phosphate buffers, the Examiner's basis of enablement 
rejection is also unfounded. Although Romanowska et al. states "There was only very slow 
coupling in phosphate buffers," (page 101), applicants respectfully point out that there was 
coupling nevertheless. Accordingly, applicants respectfully request reconsideration and removal 
of this ground of rejection. 

Response to Section 112, First Paragraph Rejection (Examiner's Action #9): 

Claims 25 and 40 have been rejected under 35 U.S.C. §112, first paragraph, 
because the Examiner contends that the specification does not enable a pharmaceutical 
composition or vaccine comprising more than one vaccine component. In particular, the 
Examiner argues that there is no showing by the specification that combination vaccines 
comprising an N-propionated polysaccharide or oligosaccharide protein-conjugate would 
effectively elicit an optimal immune response. The Examiner relies upon two references, 
Barrington et al. (Infect. Immun. 61:432-438, 1993) and Corbel (Biologicals 22:353-360, 1994) 
to support her contention that the art reports "potential interference by one or more added 
vaccine components and suppression of antibody response to the polysaccharide or the carrier 
protein". Therefore the Examiner argues that undue experimentation would be required by one 
of ordinary skill in the art to practice the invention as claimed in claims 25 and 40. 

Applicants respectfully disagree with the grounds of this rejection. The Examiner 
asserts that combination vaccines may lead to epitope suppression of anti-polysaccharide 
responses and therefore claims 25 and 40 would require undue experimentation to practice the 
invention as claimed. However, this assertion is highly debated in the art, and that combination 
vaccines have been used repeatedly in the art with great success. For example, Pichichero et al 
(J. Infect Dis. (1999), 180:1390-3; copy enclosed) reports data that would argue against the 
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contention that epitope suppression occurs with combination vaccines: 

There have been concerns about interference with Hib vaccine 
responses, manifested as a decrease in the anti-Hib-PS antibody 
level, when Hib and DTaP vaccines are combined. We recently 
studied a DTaP-PRP-T-HB combination vaccine and found evidence 
that immunologic memory was induced even in infants with lower 
(<1.0 |Xg/mL) and even undetectable (<0.10 Jig/mL) postprimary 
anti-Hib-PS antibody levels. Thus, we suggested that the 
combination vaccine primed the infant immune system for 
anamnestic anti-Hib-PS antibody responses. Affinity maturation is 
another major feature of immunologic memory. Here, we showed 
that DTaP-PRP-T-HB vaccines elicit a high avidity IgG antibody 
against the Hib PS antigen. Unexpectedly, avidity increased most 
significantly in the 3-7 months after primary DTaP-PRP-T-HB 
vaccination, with a marginal further rise after a CRM197-OS booster, 
(page 1392, first paragraph under Discussion section). 

In addition, Goldblatt et al (J. Infect. Dis. (1999), 180:538-41; copy enclosed), reports that 

despite reduced immunogenicity, DTaP-Hib combination vaccines appear to prime for 

immunologic memory. Thus, the article by N. Halsey, ("Combination Vaccines: Defining and 

Addressing Current Safety Concerns", Clinical Infectious Diseases, (2001), 33(Suppl 4):S312-8; 

copy enclosed), states: "Historical problems with vaccines, including intussus-ception after 

rotavirus vaccine, carrier supression with tetanus toxoid conjugate vaccines, and decreased 

immunogenicity of some Haemophilus influenzae type b conjugate vaccines when mixed with 

acellular pertussis-diphtheria-tetanus, have contributed to some misperceptions about current 

vaccines. ,< There is no evidence that adding additional vaccines through combination products 

increases the burden on the immune system, which has the capability of responding to many 

millions of antigens" (see Abstract). 

In addition, applicants bring to the attention of the Examiner, In re Anderson , 176 

USPQ 3331 (CCPA 1973). In this case, claims to a laminated dressing wherein the primary 

layer contains a medicament were rejected under 35 U.S.C. 112, first paragraph, as broader than 

the enabling disclosure because the term "medicament" was not limited to operative or suitable 

embodiments. However, the court reversed the rejection, holding that common sense would lead 

one of ordinary skill in the art to use operable embodiments: 

The concept of medicament or medication involves a highly 
technical subject in an art requiring a high degree of technical skill - 
doctors of medicine and pharmacologists. It is common knowledge 
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wrong quantity, that one man's medicine is another man's poison, 
and that what is good medicine in one place may be bad medicine in 
another. The board, seemingly, is demanding a claim limitation to 
operative medicaments in operative quantity. We think that 
dependent claims such as the above, which merely add a limitation 
to the two-layer combination dressing by calling for medication in 
the primary layer, are inherently limited - by common sense if 
nothing else -to such medication as would be useful in the particular 
application. No one of ordinary skill in the art would use any other 
kind of medicament and there is no practical way to restrict the 
claim language so as to exclude all inoperative or deletrious 
medicaments other than by the addition of such redundant terms as 
"suitable" or "operative for the purposes described. "...We are here 
dealing with combination claims, not with claims for medicaments 
per se. It is always possible to put something into a combination to 
render it inoperative. It is not the function of claims to exclude all 
such matters but to point out what the combination is. (471 F.2d 
1237; 176 USPQ (BNA) 331; CCPA (1973)). 

Claims 25 and 40 are combination claims of either a pharmaceutical or vaccine composition 
where the claims add a further element by reciting that the compositions further comprise 
additional components selected from the group consisting of DTP, DTaP, Td, DTaP-Hib, and 
DTaP-IPV-Hib. Although the publications cited by the Examiner report some concerns 
regarding combination vaccines, other combination vaccines are efficacious and widely used, 
and the Examiner has failed to provide any specific evidence challenging the utility of 
applicants' claimed invention. 

In sum, the clinical significance of epitope suppression is still unclear in the art. 
However, the specification does provide guidance as to how to determine whether vaccines can 
elicit the production of antibodies that would be protective, i.e., by opsonophagocytic assays 
(page 23). These assays will determine whether antibodies elicited by a vaccination, including 
vaccinations with combined vaccines, are bactericidal and thus protective. Thus, applicants 
assert that claims 25 and 40 are dependent claims that specify further elements for N-propionated 
polysaccharide/oligosacharide-protein conjugate combined vaccine and pharmaceutical 
compositions; and that the specification enables one skilled in the art to determine whether such 
compositions may elicit bactericidal antibodies and thus warrant further "operative" clinical 
testing. 
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Response to Section 112, First Paragraph Rejection (Examiner's Action #10): 

Claims 37-40 have been rejected under 35 U.S.C. §112, first paragraph, because 
the Examiner contends that the specification does not reasonably provide enablement for 
conjugate vaccines comprising N-acryloylated polysaccharide or oligosaccharide that provide 
protective immunity against any disease causing organism or cell. Applicants have amended 
claim 37 such that claims 37-40 now pertain to conjugate vaccines comprising N-acryloylated 
polysaccharides or oligosaccharides that provide protective immunity against at least one 
member of the genus of the organism from which the polysaccharide or oligosaccharide 
component of the polysaccharide-protein conjugate or oligosaccharide-protein conjugate was 
obtained. Applicants respectfully request reconsideration and removal of this rejection. 

Response to Section 112, Second Paragraph Rejection (Examiner's Action #ll(a-i)): 

(a) Claims 1-5, 8-28 and 38-40 have been rejected under 35 U.S.C. §112, second 
paragraph, as being indefinite, for failing to particularly point out and distinctly claim subject 
matter. 

Specifically, claims 1 and 16 have been rejected because the Examiner considers 
the recitation "directly conjugated to" or "directly conjugated" as unclear as to what direct 
conjugation encompasses. 

The recitations "directly conjugated to" or "directly conjugated" refer to 
conjugations where no spacer or any such molecule is used to couple the polysaccharide or 
oligosaccharide to the protein. To clarify the application in this regard, applicants have amended 
the claims so that recitations of "direct conjugation" or "directly conjugated", now state "direct 
coupling" or "directly coupled". Applicants respectfully request withdrawal of this ground of 
rejection. 

(b) Claims 2-5, 8 and 1 1-13 have been rejected for lacking proper antecedence for the 
recitation "A polysaccharide-protein conjugate according to claim. . .". Applicants have followed 
the Examiner's suggestion, and have amended the claims to recite -The polysaccharide-protein 
conjugate according to claim. . Applicants respectfully request withdrawal of this ground of 
rejection. 



687979 vl 



-15- 



EV 062745843 US 



Serial No: 09/376,911 



(c) Claims 38-40 have been rejected for lacking proper antecedence for the recitation 
"A vaccine according to claim. . .". Applicants have amended the recitation according to the 
Examiner's suggestion: -The vaccine according to claim. . Applicants respectfully request 
withdrawal of this ground of rejection. 

(d) Claims 3-5 and 17 have been rejected because the Examiner contends that the 
term "derived" is vague and indefinite. Applicants have amended the claims by adding the term 
"obtained" in order to clarify the meaning of "derived". As stated earlier, "obtained" 
encompasses, for example, extraction, separation and purification; and "derived" encompasses, 
for example, modification. Applicants respectfully request withdrawal of this ground of 
rejection. 

(e) Claim 20 has been rejected because the Examiner states that the recitation 
"carbonate/bicarbonate buffer" is unclear as to what this limitation encompasses. Applicants 
have amended claim 20 so that the recitation now states "bicarbonate buffer". Applicants 
respectfully request withdrawal of this ground of objection. 

(f) Claim 24 has been rejected because the claim contains incorrect Markush 
language. Claim 24 has been amended to address the Examiner's concern. Applicants 
respectfully request withdrawal of this ground of objection. 

(g) Claims 25 and 40 have been rejected because these claims have abbreviations that 
were unspecified in their full terminology. Claim 25 has been amended so that full terminology 
is used with the abbreviations retained in parenthesis. Applicants respectfully request 
withdrawal of this ground of objection. 

(h) Claims 5 and 15 have been rejected for the inconsistent recitations of "type HI" 
and "serotype III". Applicants have amended claim 5 to recite "type HI" in order to maintain 
consistency with claim 15. Applicants respectfully request withdrawal of this ground of 
objection. 
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(i) Claims 9, 10, 14 and 18-28 have been rejected because of the vagueness of the 

base claim, claim 1. Applicants have amended claim 1 to address the Examiner's concerns. 
Applicants respectfully request withdrawal of this ground of objection. 

Response to Section 102(b) Rejection, (Examiner's Action #13): 

Claims 1-4, 8, 11-14, 22 and 26-28 have been rejected under 35 U.S.C. §102(b) as 
being anticipated by Roy et al (J. Chem. Soc. Chem. Commun. 264-265, 1993), "Roy et al, 
(1993)". The Examiner contends that Roy et al. (1993) reports a polysaccharide conjugate 
vaccine comprising an N-acryloylated mono- and poly-alpha-(2,8)-sialic acid or colominic acid 
antigen directly conjugated to a protein. Although applicants respectfully disagree with this 
rejection, applicants have amended the claims in order to more distinctly claim the instant 
invention. 

All of the elements of amended claim 1 do not read upon the reference cited by 
the Examiner. Claim 1 encompasses a polysaccharide-protein conjugate or oligosaccharide- 
protein conjugate comprising an N-propionated saccharide (polysaccharide or oligosaccharide) 
directly conjugated (i.e., coupled) to a protein at the p-position of a propionate moiety. Roy et 
al (1993) differs from the instant invention because Roy et al reports conjugations that occur 
through the reducing end of carbohydrates: "The conjugations of the poly-a-(2,8)-sialic acid 4 
to poly-L-lysine 3 and to the protein carriers were accomplished through its reducing end after 
derivatization to an JV-acrylamide functionality." (p. 264, emphasis added). In contrast, the 
claimed invention describes direct coupling not at a reducing end after derivatization, but 
coupling at the p-position of a propionate moiety. 

In the claimed invention, the propionate moiety is formed on one or more 
saccharides (i.e., oligosaccharides or polysaccharides) by de-acetylation followed by N- 
acryloylation at the same terminus that was de-acetylated (or "re-N-acryloylation"). Since an 
oligosaccharide or polysaccharide contains an acetyl group for every sugar residue, the instant 
invention allows for saccharides to be coupled to multiple protein molecules, or for saccharides 
to couple to a single protein molecule through multiple sites. The instant specification reveals 
this novel attribute of the invention, as it states: "The resulting N-acryloylated polysaccharide or 
N-acryloylated oligosaccharide is at least about 95% acryloylated or greater" (p. 9, lines 6-7), 
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which allows for the statements, "This invention provides the ability to produce conjugate 
molecules wherein the protein is linked to the polysaccharide or oligosaccharide through one or 
more sites on the polysaccharide or oligosaccharide... One or a multiplicity of polysaccharides or 
oligosacharides may cross-link with one or a multiplicity of protein" (page 9, line 30, to page 
10, line 2). In contrast, the conjugates of Roy et al (1993) do not allow multiple couplings 
because the N-acryloylation occurs at the reducing end of the saccharide. 

To further clarify the coupling reaction that may occur for the claimed conjugates, 
applicants have duplicated Figure 2.11 from the reference: Pon, R.A. (The Study of Polysialic 
acid Conjugates. Master's Thesis, University of Ottawa, pp. 1-251, UMI Dissertation Services, 
1992): 



OH OH 




0=C-R H i« 

r 2* 



2.11- Derealization points of sialic 



Depicted above is the repeating unit of colominic acid, where the large arrows represent the 
termini at which saccharides may be coupled, i.e. "derivatization points". Attached to carbon 5 
is an acetyl group. In the instant invention, this acetyl group is de-N-acetylated and re-N- 
acryloylated, resulting in the formation of a propionate group at carbon 5 (in other repeating 
sugar residues, the terminus of de-N-acetylation/re-N-acryloylation may occur at a different 
carbon). This propionate group then serves as the nucleophilic acceptor in the Michael addition- 
mediated coupling reaction such that a protein is directly coupled to the saccharide at this 
terminus. Other reported methods of conjugation utilize Michael addition mediated coupling at 
the reducing terminus, in this example, carbon 1. Therefore, applicants respectfully request 
reconsideration and removal of this ground of rejection. 
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Response to Section 102(b) Rejection, (Examiner's Action #14): 

Claims 1-3, 14 and 22 have been rejected under 35 U.S.C. § 102(b) as being 
anticipated by Roy et al (J. Chem. Soc. Chem. Commun. 536-538, 1991), "Roy et al (1991)". 
The Examiner contends that Roy et al (1991) reports antigenic carbohydrate protein conjugates 
comprising synthesized N-acryloylated sugars directly conjugated at the beta position to a lysine- 
containing protein. Although applicants respectfully disagree with this rejection, applicants have 
amended the claims in order to more distinctly claim the instant invention. 

Roy et al (1991) does not disclose polysaccharide or oligosaccharide-protein 
conjugates wherein the coupling between the saccharide and protein is direct. Scheme 1, on 
page 537 of Roy et al (1991), show coupling of a sugar to a protein via a spacer molecule, 
namely a phenyl group. In contrast, the instant invention claims conjugates wherein the coupling 
between a saccharide and a protein is direct, without the use of a chemical spacer. 

Secondly, Roy et al (1991) does not disclose conjugates wherein the coupling can 
occur at non-reducing ends of saccharides. Rather, Roy et al (1991) shows that N-acryloylation 
occurs at the amino group of the phenyl-spacer, and subsequent coupling of the protein occurs at 
this reducing end. In contrast, the instant invention claim conjugates wherein the coupling 
occurs at non-reducing ends, namely at de-N-acetylated/re-N-acryloylated termini. Applicants 
respectfully request reconsideration and withdrawal of this ground of rejection. 

Response to Section 102(b) Rejection, (Examiner's Action #15): 

Claims 1-4, 8, 11-14, 16, 17 and 19-22 have been rejected under 35 U.S.C. 
§ 102(b) as being anticipated by Pon, R.A. {The Study of Poly sialic acid Conjugates. Master's 
Thesis, University of Ottawa, pp. 1-251, UMI Dissertation Services, 1992). The Examiner 
contends that Pon reports polysaccharide or oligosaccharide-protein conjugates produced by a 
method comprising de-N-acetylating saccharides using a de-N-acetylating base reagent, followed 
by N-acryloylating the de-N-acetylated saccharide with an acryloylating reagent, and directly 
conjugating the resultant saccharide to a protein. Although applicants respectfully disagree with 
this rejection, applicants have amended the claims in order to more distinctly claim the instant 
invention. 

Pon reports the conjugation of N-acryloyl colominic acid onto BSA or IgG, 
wherein the colominic acid is 15% N-acryloylated. For example, at page 181, Pon states: "BSA 
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(4-17) (5 mg) or IgG (4-36) (5 mg) was combined with 15% N-acryloylated colominic acid (4- 
16) (10 mg) and dissolved in 200 \il borate buffer (0.1M; pH 8.3)." However, Pon does not 
report that this conjugate can stimulate a productive response. Because the sugar is only 15% 
acryloylated, the degree of protein coupling is limited and will therefore negatively impact the 
effectiveness of an immune response. 

In contrast, the conjugates of the instant application are highly acryloylated and 
have been shown to produce productive immune responses. For instance, the specification states 
the degree of acryloylation of the claimed N-propionated saccharides: "The resulting N- 
acryloylated polysaccharide or N-acryloylated oligosaccharide is at least about 95% acryloylated 
or greater." (page 9, first paragraph). Also, the specification discloses the immunogenicity of P- 
propionamido-linked polysaccharide-protein conjugates in Tables 5-8 (pages 24-27), as 
productive immune responses are observed by ELISA and opsonophagocytic assays. Therefore, 
applicants have amended the claims by adding the recitation "elicits protective antibodies", in 
order to more explicity show the advantages and novelty of the instant invention. Applicants 
respectfully request reconsideration and withdrawal of this ground of rejection. 

Response to Section 102(b) Rejection, (Examiner's Action #16): 

Claims 1-3, 8, 11-14 and 22 have been rejected under 35 U.S.C. § 102(b) as being 
anticipated by Roy et al (7. Chem. Soc. Chem. Commun. 1709-1711, 1990), "Roy et al (1990)". 
The Examiner contends claims 1-3, 8, 11-14 and 22 have been anticipated because Roy et al 
(1990) reports conjugates comprising N-acryloylated sialic acid- and sialyloligosaccharide- 
protein lactoside directly conjugated to proteins by Michael addition. Although applicants 
respectfully disagree with this ground of rejection, applicants have amended the claims in order 
to more distinctly claim the novelty of the present invention. 

Claims 1-3, 8, 11-14 and 22 are not anticipated by Roy et al (1990) because the 
present invention relates to polysaccharide- and oligosaccharide-protein conjugates, wherein the 
formation of these conjugates is dependent upon direct coupling of saccharides and proteins by 
Michael addition at non-reducing termini. The coupling at the non-reducing termini is 
contingent upon the de-acetylation and re-N-acryloylation at the same terminus that was de- 
acetylated. The de-acetylation and re-N-acryloylation results in a propionate group at the 
terminus that originally had a acetyl group, and the propionate moiety acts as a nucleophilic 
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acceptor in the Michael addition reaction that couples the saccharide to a protein. In contrast, 
Roy et al (1990) reports coupling between saccharides and proteins where the coupling occurs at 
the reducing termini of saccharides (see Scheme 3). Applicants respectfully request 
reconsideration and withdrawal of this ground of rejection. 

Response to Section 102(b) Rejection, (Examiner's Action #17): 

Claims 1-3, 8, 11-14 and 22 have been rejected under 35 U.S.C. §102(b) as being 
anticipated by Romanowska et al {Methods in Enzymol. 242:90-101, 1994). The Examiner 
contends that Romanowska et al reports artificial N-acryloylated sialic acid, sialoside and a T 
antigen derivative directly conjugated to BSA, tetanus toxoid or poly(L-lysine) via epsilon amino 
groups. 

Although Romanowska reports conjugation of proteins onto N-acryloylamido 
substituted glycosides, Romanowska does not disclose that such conjugations may occur on non- 
reducing termini. The instant invention claims conjugations wherein the coupling of protein and 
saccharide occurs at propionamido termini, where these termini have been de-N-acetylated and 

i 

re-N-acryloylated. Therefore, the claims have been amended to more distinctly claim the instant 
invention by making clear that the coupling does not occur at reducing termini. Applicants 
respectfully request reconsideration and withdrawal of this ground of rejection. 

Response to Section 102(b) Rejection, (Examiner's Action #18): 

Claims 1-4, 11-14 and 22 have been rejected under 35 U.S.C. §102(b) as being 
anticipated by Auzanneau et al (Bioorg. Medicinal Chem. 4:2003-2010, 1996). The Examiner 
has rejected these claims because Auzannneau et al reports N-acryloylated Group A 
streptococcal cell wall oligosaccharide conjugated to BSA or OVA by the addition of e-amino 
groups of lysines present on protein. Applicants respectfully disagree with this ground of 
rejection. 

Applicants have amended the claims to clarify the novelty of the instant 
invention. The claimed conjugates are formed by a distinct process: de-acetylation, N- 
acryloylation at the termini that are de-acetylated (thereby forming a propionate moiety at these 
termini), and direct coupling of proteins, via Michael addition, to the (3-position of the 
propionate moiety(ies). In contrast, Auzanneau et al reports conjugation wherein coupling of 
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protein and saccharide occurs at N-acryloylated termini that have not been de-acetylated (see 
Figures on 2004). Applicants respectfully request reconsideration and withdrawal of this ground 
of rejection. 

Response to Section 102(b) Rejection, (Examiner's Action #19): 

Claims 1-3, 8 and 11-14 have been rejected under 35 U.S.C. §102(b) as being 
anticipated by Roy et al (Bioorg. Medicinal chem. Lett. 2:911-914, 1992), "Roy et al (1992)". 
The Examiner contends that claims 1-3, 8 and 11-14 are anticipated because Roy et al. (1992) 
reports neoglycoproteins comprising N-acryloylated carbohydrate T antigen, or a blood group 
trisaccharide determinant conjugated by Michael addition to a protein carrier. 

Applicants respectfully disagree with this ground of rejection, as applicants' 
amendments to the claims have clarified that the present invention pertains to conjugates that are 
formed by the direct coupling of proteins to propionate groups at non-reducing termini of 
saccharides, where these propionate groups have been formed by de-acetylation and re-N- 
acryloylation. In contrast, Roy et al (1992) report indirect coupling, i.e. via a spacer, of proteins 
to the reducing end of saccharides. Therefore applicants respectfully request reconsideration and 
withdrawal of this ground of rejection. 

Response to Section 103(a) Rejections, (Examiner's Actions #21 and #22): 

Claims 1 and 8-10 have been rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Pon, R.A. {The Study of Poly sialic acid Conjugates. Master's Thesis, 
University of Ottawa, pp. 1-251, UMI Dissertation Services, 1992) in view of Blake et al (U.S. 
Patent No. 5,439,808). The Examiner contends that the combination of Pon and Blake et al 
makes obvious saccharide-protein conjugates, wherein the protein is a N. meningitidis outer 
membrane protein. 

Claims 1, 16 and 22-24 have been rejected under 35 U.S.C. §103(a) as being 
unpatentable over Pon, R.A. (The Study of Poly sialic acid Conjugates. Master's Thesis, 
University of Ottawa, pp. 1-251, UMI Dissertation Services, 1992) in view of Blake et al (U.S. 
Patent No. 5,439,808). The Examiner contends that the combination of Pon and Blake et al 
makes obvious pharmaceutical compositions comprising saccharide-protein conjugates and 
adjuvants. 
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Applicants respectfully disagree with these grounds of rejection because Pon does 
not teach or suggest all the claim limitations. As stated previously, Pon reports the conjugation 
of N-acryloyl colominic acid to BS A or IgG, wherein the colominic acid is 15% N-acryloylated . 
However, Pon does not report that this conjugate can stimulate a productive response. Because 
the sugar is only 15% acryloylated, the degree of protein coupling is limited and will therefore 
negatively impact the effectiveness of an immune response. 

In contrast, the conjugates of the instant application are highly acryloylated and 
have been shown to produce productive immune responses. For instance, the specification states 
the degree of acryloylation of the claimed N-propionated saccharides: "The resulting N- 
acryloylated polysaccharide or N-acryloylated oligosaccharide is at least about 95% acryloylated 
or greater." (page 9, first paragraph). Also, the specification discloses the immunogenicity of p- 
propionamido-linked polysaccharide-protein conjugates in Tables 5-8 (pages 24-27), as 
productive immune responses are observed by ELISA and opsonophagocytic assays. Therefore, 
applicants have amended the claims by adding the recitation "elicts protective antibodies", in 
order to more explicity show the advantages and novelty of the instant invention. 

Thus, the combination of Pon in view of Blake et al does not teach or suggest all 
of the limitations of the claimed invention. Applicants respectfully request reconsideration and 
withdrawal of this ground of rejection. 

Response to Objections, (Examiner's Actions #23(a)-(g)): 

(a) Claims 37 and 38 have been objected to due the recitation "disease causing 
organism". This recitation has been deleted from the claims. 

(b) Claims 5 and 8 have been objected to for inconsistent recitation of "Group B 
streptococcus" and "group B Streptococcus". Claims 5 and 8 have been amended to recite 
"group B Streptococcus". 

(c) Claim 15 has been objected to for inconsistent recitations as in (b). Claim 15 has 
been amended as in (b). 

(d) Claim 26 has been objected to for the incorrect recitation "A immunogen". Claim 
26 has been amended to recite "An immunogen". 

(e) Claims 22 and 26 have been objected to with regard to the recitation "claims 1 or 
16". Claims 22 and 26 have been amended to recite "any one of claim 1 or claim 16". 
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16". Claims 22 and 26 have been amended to recite "any one of claim 1 or claim 16". 

(f) Claim 5 has been objected to for being dependent from a rejected claim (claim 1). 
Claim 1 has been amended. 

(g) Claim 15 has been objected to for including one or more non-elected inventions. 
Claim 15 is further objected to for lacking antecedent basis in the specification for the limitation: 
"N-propionated". Claim 15 has been amended to eliminate inclusion of non-elected inventions. 
In reference to the objection of "N-propionated", please refer to applicants' response to 
Examiner's action #7(c)). Applicants respectfully request reconsideration and withdrawal of the 
above grounds of objection. 

AUTHORIZATION 

No additional fee is believed to be necessary. The Commissioner is hereby 
authorized to charge any additional fees which may be required for this amendment, or credit any 
overpayment to Deposit Account No. 13-4500, Order No. 3842-4043US1. A DUPLICATE 
COPY OF THIS PAGE IS ATTACHED. 



Dated: April 23, 2002 

CORRESPONDENCE ADDRESS: 

MORGAN & FINNEGAN, L.L.P. 

345 Park Avenue 

New York, New York 10154 

(212) 758-4800 

(212) 751-6849 Facsimile 



Respectfully submitted, 
MORGAN & FINNEGAN, L.L.P. 




Kenneth H. Sonnenfeld, Esq. 
Registration No. 33,285 
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APPENDIX: 

VERSION OF THE AMENDMENTS TO THE CLAIMS AND SPECIFICATION SHOWING 

DELETIONS AND ADDITIONS 

IN THE CLAIMS: 

Claims 1-5, 8, 11-22, 24-26, and 37-40 have been amended as follows: 

1. A polysaccharide-protein conjugate or oligosacchari de-protein conjugate that 
elicits protective antibodies wherein said conjugates [comprising] comprise [an N-propionated 
polysaccharide or N-propionated oligosaccharide] an N-propionated saccharide directly 
[conjugated] coupled to a protein at [the] a ^-position of [the] a propionate moiety, and wherein 
the N-propionated saccharide is de-N-acetylated and N-acryloylated at the de-N-acetylated 
terminus. 

2. [A polysaccharide-protein conjugate] The conjugates according to claim 1 
wherein the protein comprises at least one lysine or cysteine residue. 

3. [A polysaccharide-protein conjugate or oligosaccharide-protein conjugate] The 
conjugates according to claim 1 wherein the [polysaccharide or oligosaccharide] saccharide is 
derived from a polysaccharide obtained from bacteria, yeast, cancer cells, or is chemically 
synthesized. 

4. [A polysaccharide-protein conjugate or oligosaccharide-protein conjugate] The 
conjugates according to claim 1 wherein the [polysaccharide or oligosaccharide] saccharide is 
derived from a polysaccharide obtained from Escherichia coli, Meningococcus, Pneumococcus, 
Streptococcus, Haemophilus, Neisseria, Salmonella, Klebsiella, or Pseudomonas. 

5. [A polysaccharide-protein conjugate or oligosaccharide-protein conjugate] The 
conjugates according to claim 1 wherein the [polysaccharide or oligosaccharide] saccharide is 
derived from a polysaccharide obtained [G]group B [streptococcus] Streptococcus selected from 
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the group consisting of [serotype la, [serotype lb, [serotype II, [serotype HI, [serotype V, 
[serotype VIII, and combinations thereof. 

8. [A polysaccharide-protein conjugate or oligosaccharide-protein conjugate] The 
conjugates according to claim 1 wherein the protein is selected from the group consisting of 
tetanus toxoid, diphtheria toxoid, a Neisseria meningitidis outer membrane protein, 
pneumolysoid, C-(3 protein from group B Streptococcus and non-IgA-binding C-B protein from 
group B Streptococcus, 

9. [The polysaccharide-protein conjugate or oligosaccharide-protein conjugate] The 
conjugates according to claim 8 wherein the protein is recombinantly produced. 

10. [The polysaccharide-protein conjugate or oligosaccharide-protein conjugate] The 
conjugates according to claim 9 wherein the protein is recombinant N. meningitidis outer 
membrane protein. 

11. [A polysaccharide-protein conjugate or oligosaccharide-protein conjugate] The 
conjugates according to claim 1 wherein the [polysaccharide or oligosaccharide] saccharide 
comprises a glycosaminoglycan. 

12. [A polysaccharide-protein conjugate or oligosaccharide-protein conjugate] The 
conjugates according to claim 1 wherein the [polysaccharide or oligosaccharide] saccharide 
comprises glycosyl residues of a structural repeating unit having at least one free amino group or 
N-acyl group. 

13. [A polysaccharide-protein conjugate or oligosaccharide-protein conjugate] The 
conjugates according to claim 12 wherein the glycosyl residue is selected from the group 
consisting of glucosamine, galactosamine, mannosamine, fucosamine and sialic acid. 

14. The [polysaccharide-protein conjugate or oligosaccharide-protein conjugate] 
conjugates according to claim 1 wherein the N-propionated [polysaccharide or N-propionated 
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oligosaccharide] saccharide is directly [conjugated] coupled to an e-free amino group of a lysine 
residue or a thiol group of a cysteine residue of the protein. 

15. A polysaccharide-protein conjugate or oligosaccharide-protein conjugate 
comprising [N-propionated Streptococcus pneumoniae type 14 polysaccharide-tetanus toxoid 
conjugate,] N-propionated [G]group B [streptococcus] a Streptococcus type III polysaccharide- 
tetanus toxoid conjugate^ N-propionated Group B streptococcus type II polysaccharide-tetanus 
toxoid conjugate, N-propionated E. coli Kl polysaccharide-protein conjugate, or N-propionated 
meningococcal C polysaccharide-tetanus toxoid conjugate]. 

16. A polysaccharide-protein conjugate or oligosaccharide-protein conjugate that 
elicits protective antibodies produced by a method comprising: 

A) de-N-acetylating an isolated polysaccharide or oligosaccharide using a de- 
N-acetylating reagent to form a de-N-acetylated polysaccharide or a de-N-acetylated 
oligosaccharide, 

B) N-acryloylating the de-N-acetylated polysaccharide or the de-N-acetylated 
oligosaccharide at a de-N-acetylated terminus with an acryloylating reagent to form an N- 
propionated polysaccharide or an N-propionated oligosaccharide, and 

C) directly [conjugating] coupling at a B-Position of a propionate moiety of 
the N-propionated polysaccharide or [an] the N-propionated oligosaccharide to a protein to form 
the polysaccharide-protein conjugate or the oligosaccharide protein conjugate. 

17. The [polysaccharide-protein conjugate or oligosaccharide-protein conjugate] 
conjugates according to claim 16 wherein the polysaccharide or oligosaccharide is obtained 
[derived] from bacteria, yeast, or cancer cells or isjchemical synthesis] chemically synthesized . 

18. The [polysaccharide-protein conjugate or oligosaccharide-protein conjugate] 
conjugates of claim 16 wherein the [conjugation] coupling is conducted at a pH of about 7.0. 

19. The [polysaccharide-protein conjugate or oligosaccharide-protein conjugate] 
conjugates of claim 16 wherein the [conjugation] coupling is conducted at a pH above 9. 
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20. The [polysaccharide-protein conjugate or oligosaccharide-protein conjugate] 
conjugates of claim 16 wherein the [conjugation] coupling is conducted in a reagent selected 
from the group consisting of phosphate buffer , [carbonate/]bicarbonate buffer^ and borate buffer. 

21. The [polysaccharide-protein conjugate or oligosaccharide-protein conjugate of] 
conjugates according to claim 16 wherein the de-N-acetylating reagent is a base or an enzyme 
and the acryloylating reagent is selected from the group consisting of N-acryloyl chloride, 
acryloyl anhydride, acrylic acid and a dehydrating agent. 

22. A pharmaceutical composition comprising the [polysaccharide-protein conjugate 
or oligosaccharide-protein conjugate] conjugates according to any one of claim[s] 1 or claim 16 
and a pharmaceutically acceptable carrier. 

24. The pharmaceutical composition according to claim 23 wherein the adjuvant is 
selected from the group consisting of alum [or] and stearyl tyrosine. 

25. The pharmaceutical composition according to claim 22 further comprising a 
second component, said second component selected from the group consisting of diphtheria- 
tetanus-pertussis £DTP), diphtheria-tetanus-acellular pertussis (D TaP). tetanus-diphtheria (T d), 
diphtheria-tetanus-acellular ptrtussis-Haemophilus influenzae type B (D TaP-HibX diphtheria- 
tetanus-acellular pertussis-inactivated voliowiuxs-Haemophilus influenzae type B ( DTaP-IPV- 
Hib], and combinations thereof. 

26. [A] An immunogen comprising the [polysaccharide-protein conjugate or 
oligosaccharide-protein conjugate] conjugates according to any one of claim[s] 1 or claim 16, 
said immunogen elicits a polysaccharide-specific or an oligosaccharide-specific immune 
response. 

37. A vaccine comprising the [polysaccharide-protein conjugate or oligosaccharide- 

protein conjugate] conjugates according to any one of claim 1 or claim 16, wherein said vaccine 
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provides protective immunity against [a disease causing organism or cell] at least one member of 
a genus of an organis m from which the polysaccharide or oligosaccharide component of the 
polvsacch aride-protein conjugate or oligosacchari de-protein conjugate was extracted . 

38. [A] The vaccine according to claim 37 wherein the [disease causing] organism [or 
cell] is selected from the group consisting of bacteria[,] and yeast[, and cancer cell]. 

39. [A] The vaccine according to claim 38 wherein the bacteria is selected from the 
group consisting of Escherichia coli, Meningococcus, Pneumococcus, Streptococcus, 
Haemophilus, Neisseria, Salmonella, Klebsiella, [or] and Pseudomonas. 

40 - [A] The vaccine according to claim 37 further comprising a second immunogen in 

combination with the polysacharide-protein conjugate or oligosaccharide-protein conjugate said 
second immunogen selected from the group consisting of DTP, DTaP, Td, DTaP, Hib, DTaP- 
IPV-Hib and combinations thereof. 



IN THE SPECIFICATION: 

On page 17, line 24 has been rewritten as follows: 

-- the miniDAWN® (Wyatt Technology Corp., Santa Barbara, CA) - 

On page 18, line 22 has been rewritten as follows: 

-- 1.6x60cm column of [Superdex] SUPERDEX™ 200 PG (Pharmacia) and 
eluted with PBS containing -- 

On page 19, line 19 has been rewritten as follows: 

- deionized water. After diafiltration through an [Amicon] AMICON™ YM3 
membrane with deionized ~ 

On page 20, line 6 has been rewritten as follows: 
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-- N HCL. The solution was diafiltrated with an [Amicon] AMICON™ YM3 
membrane in a stircell -- 

On page 20, line 13 and line 14 have been rewritten as follows: 
-- [Zwittergen™] ZWITTERGEN™ 3,14 (Boehringer Mannheim) pH 9.5 was 
incubated at 37°C for 3 days. The conjugate was purified by size exclusion 
chromatography through a [Superdex] SUPERDEX™ 200 - 

On page 20, line 30 has been rewritten as follows: 

-- chloride and 0.05% [Zwittergent] ZWITTERGEN™ 3-14 and loaded onto a 
[Pharmacia] PHARMACIA™ PD-10 desalting - 

On page 21, line 1 has been rewritten as follows: 

-- [Amicon] AMICON™ Centricon® 30 concentrator at 5,000 RPM for one hour. 
The retentate was - 

On page 21, line 9 has been rewritten as follows: 

-- [Superdex] SUPERDEX™ 200 column (Pharmacia) with PBS as eluant. UV- 
280-nm-active -- 

On page 22, lines 28 and 29 have been rewritten as follows: 
-- hour at 37°C, followed by a PBS-[Tween] TWEEN™ (0.05% v/v [Tween] 
TWEEN™ 20 in PBS) was (5 times). All subsequent incubations were conducted 
at room temperature. PBS-[Tween] TWEEN™ - 

On page 23, line 9 has been rewritten as follows: 

-- well, and the plate was read on a [Molecular Devices] MOLECULAR 

DEVICES™ Emax® microplate reader - 

On page 9, line 1 has been rewritten as follows: 

-- acryloyl anhydride, acrylic acid and a dehydrating agent such as 
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16". Claims 22 and 26 have been amended to recite "any one of claim 1 or claim 16". 

(0 Claim 5 has been objected to for being dependent from a rejected claim (claim 1). 

Claim 1 has been amended. 

(g) Claim 15 has been objected to for including one or more non-elected inventions. 

Claim 15 is further objected to for lacking antecedent basis in the specification for the limitation: 
"N-propionated". Claim 15 has been amended to eliminate inclusion of non-elected inventions. 
In reference to the objection of "N-propionated", please refer to applicants' response to 
Examiner's action #7(c)). Applicants respectfully request reconsideration and withdrawal of the 
above grounds of objection. 



AUTHORIZATION 

No additional fee is believed to be necessary. The Commissioner is hereby 
authorized to charge any additional fees which may be required for this amendment, or credit any 
overpayment to Deposit Account No. 13-4500, Order No. 3842-4043US1. A DUPLICATE 
COPY OF TfflS PAGE IS ATTACHED. 



Dated: April 23, 2002 



CORRESPONDENCE ADDRESS: 



Respectfully submitted, 
MORGAN & FINNEGAN, L.L.P. 




Kenneth H. Sonnenfeld, Esq. 
Registration No. 33,285 



MORGAN & FINNEGAN, L.L.P. 

345 Park Avenue 

New York, New York 10154 

(212) 758-4800 

(212) 751-6849 Facsimile 
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CONCISE COMMUNICATIONS 

Avidity Maturation of Antibody to Haemophilus influenzae Type b (Hib) 

after Immunization with Diphtheria-Tetanus-Acellular Pertussis-Hib-Hepatitis 

B Combined Vaccine in Infants 



Michael E. Pichichero, Timothy Voloshen, Diane Zajac, 
and Sherry Passador 



University of Rochester. Department of Microbiology! Immunology, 

Rochester, New York 



Antibody avidity to Haemophilus influenzae type b (Hib) polysaccharide (PS) was assessed 
in infants vaccinated with diphtheria-tetanus-acellular pertussis (DTaP) combined with Hib- 
PS conjugated to tetanus toxoid (PRP-T) and hepatitis B (HB) (DTaP-PRP-T-HB) and after 
a PRP-conjugate (CRM 197 -OS) booster 3-7 months later. Avidity differed between infants with 
anti-Hib-PS IgG antibody <1 or >1 /ig/mL postprimary series (avidity index [AIJ, 42%, 95% 
confidence interval [CI], 35%-49%, and 68% and 63%-72%, respectively; P < .0001 ). For infants 
with <1 uglmL anti-Hib-PS IgG antibody, mean AI rose by the time of preboost immunization 
to 61% (95% CI, 57%-65%), even though total IgG antibody levels fell. Spontaneous Hib-PS 
antibody rises after primary series DTaP-PRP-T-HB vaccination were followed by high post- 
boost an ti-Hib-PS IgG antibody levels and avidityj rhe DTaP-PRP-T-HB combination vac- 
cine studied elicits high avidity antibody, and affinity maturation appears to occur in the 
absence of further antigen exposure even in those with very low anti-Hib-PS antibody. 



Haemophilus influenzae type b (Hib) conjugate vaccines 
prime infants for memory antibody responses to subsequent 
Hib polysaccharide (PS) encounter [1-4]. Diphtheria-teta- 
nus-acellular pertussis vaccines (DTaP) combined with Hib 
conjugate vaccines (with or without hepatitis B; HB) admin- 
istered to 2-, 4- f and 6-month-old infants produce lower Hib- 
PS antibody levels than simultaneous but separate injections 
[1, 5, 6]. The biologic significance of diminished anti-Hib-PS 
antibody levels is debated [7, 8]. 

We previously examined anti-Hib-PS antibody responses af- 
ter DTaP-Hib conjugated to tetanus toxoid (PRP-"I>HB com- 
bination vaccination in infants and characterized antibody re- 
sponses to PRP-conjugate booster [1]. Even in those with low 
(<1.0 ng/mL) or undetectable (<0.10 jtg/mL) postprimary 
anti-Hib-PS antibody levels, we found evidence for immuno- 
logic memory on the basis of high-titered, IgG-predominant 
responses after a PRP-conjugate booster (CRM I97 -OS). Here 
we studied the anti-Hib-PS antibodies produced in the children 
after the CRM,„-OS booster for avidity and bactericidal func- 
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tion as additional measures of memory. We also compared avid- 
ity of anti-Hib-PS IgG antibody in child cohorts with higher 
and lower quantitative responses after DTaP-PRP-T-HB com- 
bination and separately injected vaccines and monitored avidity 
changes over time in low anti-Hib-PS responders to assess the 
pace of affinity maturation. 



Study Design 

Primary and booster immun&ation. Healthy infants partici- 
pated in a multicenter prospective, randomized trial evaluating 
DTaP, PRP-T, and HB as separate vaccines given simultaneously 
or as a single combined vaccine (SmithKJine Beech am Biologicals, 
Rixensart, Belgium) at ages 2, 4, and 6 months; the trial design 
has been described elsewhere [1]. Of the 331 children enrolled, 121 
(37%) had anti-Hib-PS antibody levels <1.0 jtg/mL 1 month after 
the third vaccination (when vaccinees were 7 months old). Of these, 
43 children in Rochester, New York, were given a Hib-PS conjugate 
booster (CRM l97 -OS; Wyeth-Lederle Vaccines and Pediatrics, 
Rochester, NY) at ages 9-13 months (before and 1 month after 
PRP-conjugate booster sera were obtained). For comparison pur- 
poses, a random subset of 28 sera from Rochester infants with 
anti-Hib-PS >1.0 pgfaiL were analyzed; 14 sera were from children 
who had received the combined vaccine, and 14 were from children 
who had received separate vaccines simultaneously at the desig- 
nated visits. 

Vaccines. All vaccines used in the trial were described elsewhere 
[I]- 

Assay methods. All assays were performed at the investigators' 
University of Rochester laboratory. 

Hib ELISA. Anti-capsular (anU-polyribosylribitol phosphate; 
Hib-PS) IgG antibody was quantitated by ELISA as described by 
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Table 1. Comparison of IgG antibody concentration in infants at 3 time points. 

Geometric mean anti-Hib-PS IgG antibody levels 

After 3-dose primary series 
at age 2. 4. and 6 months 
with DTaP-PRP-T-HB 

Response to combination vaccine Before booster at 1 month after booster with 

Hib-PS at age 7 months age 9-13 months CRM,„-OS Hib conjugate 

Low(/i=43)* 0.54 (0.47-0.61) 0.33 (0.26-0.40) 7.94 (0.73-15.2) 

High(/i=28)" 6.8(4.67-8.95) ND b ND b 

NOTE. Data are ptg/mL (95% confidence interval). Hib, Haemophilus influenzae type b. PS. 
polysaccharide: DTaP-PRP-T-HB. diphtheria-tctanus-acellular pertussis conjugated to tetanus tox- 
oid and hepatitis B. 

" Low responders to Hib-PS vaccine defined as occurring if <1.0 pg/mL anti-Hib-PS antibody 1 
month after 3 doses of DTaP-PRP-T-HB combination vaccines at ages 2, 4, and 6 months; high 
responders had >I .O /ig/mL. 

b ND, not done because booster not given. 



Phipps et al. [9] using Hib oligosaccharide-human serum albumin 
conjugate (Wyeth-Lederle; lower limit of quantitation, 0.10 /xg an- 
tibody/mL; assay coefficient of variation, 12%, 420 determina- 
tions). CBER standard lot 1983 containing 70 jig/mL total 
anti-Hib-PS antibody was the reference standard. 

Avidity assay. Anti-Hib-PS IgG avidity was quantitated by 
ELISA by the method of Agbarakwe et al. [10] with modifications. 
Hib oligosacchari de-human serum albumin was diluted to 1 /xg/ 
mL in 0.05 M carbonate buffer and bound overnight at 37°C to 
round-bottom microtiter plates (Immulon II; Dynatech, Chantilly, 
VA). Duplicate serum samples were then serially diluted (2-fold) 
in PBS-0.05% Tween; plates were incubated 1 h at room temper- 
ature. After 5 PBS-0.1% Tween washes, 6.0 M urea was added to 
1 row of sera and PBS-0.05% Tween to a corresponding row of 
the same sera. Calculation of anti-Hib-PS antibody was based on 
the reference line method compared with the CBER standard 60.9 
ixg/mL IgG (provided by Carl Frasch, US Food and Drug Ad- 
ministration, Washington, DC). The avidity index (Al; expressed 
as percentage) was calculated as anti-Hib-PS IgG antibody con- 
centration after urea exposure divided by anti-Hib-PS IgG anti- 
body concentration without urea exposure X 100. The avidity assay 
could not be done on sera with <0.3 pgraiL IgG anti-Hib-PS an- 
tibody. The CBER standard, a pool of normal, healthy adult sera, 
had a mean Al of 59% (confidence interval [CI], 57%-61%) with 
a 6% coefficient of variation (13 determinations). 

Bactericidal assay. For the bactericidal assay, we used the 
method of Anderson et al. [1 1]. The bactericidal end-point titer 
was the highest serum dilution producing a 50% colony reduction 
versus control; results are expressed as the reciprocal dilution. Titers 
<8 were assigned a titer of 4. 

Statistical analysis. Unpaired and paired Student's / tests were 
used, as appropriate, to compare anti-Hib-PS antibody levels and 
avidity between vaccination time points (after primary and before 
and after boosting). Arithmetic and log-transformed values were 
used as appropriate. Sample AIs were considered above the CBER 
standard if they were above the CBER 95% upper CI, the same 
as the CBER standard if they were within the CBER 95% CI, and 
lower if they were below the CBER 95% CI. Pearson's correlation 
coefficient was calculated for anti-Hib-PS IgG antibody and bac- 
tericidal activity (BA). 



Results 

Levels and antibody avidity after primary vaccination. After 
the primary series of DTaP-Hib-HB vaccinations, the geometric 
mean (GM) and 95% CI for anti-Hib-PS IgG antibody level 
for the infant cohort with <1.0 /ig/mL anti-Hib-PS antibody 
(n = 43) was 0.54 jig/mL (CI, 0.47-0.61); for the cohort with 
>1.0 jig/mL (n = 28), it was 6.8 /tg/mL (CI, 4.7-8.9; table 1). 
The Al in vaccinees with <1 .0 pgraiL anti-Hib-PS IgG antibody 
was higher than the CBER standard after the primary series 
of DTaP-PRP-T-HB vaccinations in 5% of the infants, similar 
in 1 1%, and lower in 84%. In comparison, the Al in vaccinees 
with >1.0 figfmL anti-Hib-PS IgG antibody was higher than 
the CBER standard in 71%, similar in 1 1%, and lower in 18%. 
Vaccinees with <1.0 figfmL anti-Hib-PS antibody had a mean 
Al of 42% (CI, 35%-49%), which differed from the mean Al 
of 68% (CI, 63%-72%) for vaccinees with >1.0 jtg/mL (P< 
.001; figure 1). 

Prebooster antibody levels and avidity GM anti-Hib-PS 
IgG antibody levels for the infant cohort with <1 .0 /tg/mL after 
primary vaccination was 0.33 fig/mL (CI, 0.26-0.40) before 
booster. While a significant decrease was observed in anti-Hib- 
PS antibody (P = .008), Al increased significantly in the time 
between postprimary (mean Al, 42%) and preboost immuni- 
zation (mean Al, 62%, P< .001; figure 1). In fact, by the time 
of preboost sera sampling, there was no significant difference 
in mean Al when the infant cohort with <1 .0 fig/mL anti-Hib- 
PS was compared with the cohort with >1.0 fig/mL anti-Hib- 
PS or to CBER reference (figure 1). 

Postbooster antibody levels and avidity. All vaccinees 
showed an anti-Hib-PS antibody rise after the CRM,„-OS 
booster (GM, 7.94 /tg/mL; CI, 0.73-15.2 iigfmU although 2 
children did not exceed 1 .0 pg/mL after boosting). Avidity did 
not increase before boost (Al, 61%, n = 17, for those in whom 
it could be measured) to postboost levels (Al, 64%, « = 43, 
P = .5). However, when the subset of 17 children from whom 
we had paired pre- and postboost sera were analyzed, a rise in 
A I from 61% to 70% was observed (P- .01). 
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Figure 1. Mean avidity index (AI) and 95% confidence intervals are plotted for infant cohort with <1.0 fig/mL ^^-Haemophilus influenzae 
type b (Hib)-polysaccharide (PS) IgG antibody (♦) after 3-dose series of diphtheria-tetanus-acellular pertussis conjugated to tetanus toxoid and 
hepatitis B (DTaP-PRP-T-HB) combination vaccine at ages 2, 4, and 6 months, before CRM,„-OS booster at age 9-13 months, and 1 month 
after booster. For comparison, mean AI for infant cohort with >1.0 fig/mL anti-Hib-PS IgG antibody after 3 doses of same DTaP-PRP-T-H B 
vaccine (■) and adult reference pool from CBER (A) are shown. 



From postprimary to preboostcr immunization, 36 of 43 chil- 
dren had similar or diminished anti-Hib-PS antigen concen- 
trations. The GM anti-Hib-PS antibody level and mean AI for 
these 36 children before boosting was 0.32 /igfaiL and 58% 
(n = 11); after boosting, these were 7.09 fig/mL and 59%, re- 
spectively. Seven children with undetectable anti-Hib-PS levels 
after primary vaccination series showed rises in antibody before 
the CRM 197 -OS booster. The GM anti-Hib-PS antibody level 
and mean AI for these 7 children before boosting was 0.36 jig/ 
mL and 68% (n = 5), compared with 18.10 ftg/mL and 78%, 
respectively, after boosting; these values were higher than for 
the 36 children who did not show such rises (P = .06 and .006 
for GM and AI, respectively). 

Bactericidal antibody determinations. BA against Hib was 
assessed in sera from infants with low postprimary anti-Hib- 
PS antibody levels. Mean BA increased significantly from 4 
before boosting to 764 1 month after boosting (P = .002). Post- 
booster BA correlated with postboost anti-Hib-PS IgG anti- 
body levels (r = .7, P< .001) but not with avidity of anti-Hib- 
PS IgG antibody (r = .10, P, not significant). 



Discussion 

There have been concerns about interference with Hib vac- 
cine responses, manifested as a decrease in the anti-Hib-PS 
antibody level, when Hib and DTaP vaccines are combined [I, 
5, 6]. We recently studied a DTaP-PR P-T-H B combination 



Vaccine and found evidence that immunologic memory was 
induced even in infants with lower (<1.0 n$jmL) and even un- 
detectable (<0.10 /tg/mL) postprimary anti-Hib-PS antibody 
levels [1]. Thus, we suggested that the combination vaccine 
primed the infant immune system for anamnestic anti-Hib-PS 
antibody responses. Affinity maturation is another major fea- 
ture of immunologic memory. Here, we showed that 
DTaP-PRP-T-HB vaccinees elicit high avidity IgG antibody 
against the Hib PS antigen. Unexpectedly, avidity increased 
most significantly in the 3-7 months after primary DTaP-PRP- 
T-HB vaccination, with a marginal further rise after a CRM I97 - 
OS booster. In fact, before the Hib conjugate booster, the mean 
AI of low anti-Hib-PS responders had risen to a level similar 
to vaccinees with >1 .0 /zg/mL antibody after the primary vac- 
cination series and to the CBER adult sera standard. Although 
there was some heterogeneity in avidity of anti-Hib-PS IgG 
antibody after combination vaccine in low anti-Hib-PS re- 
sponders, just before boosting, all sera for which we could 
measure avidity would be considered to have relatively high- 
avidity anti-Hib-PS antibody [10]. Thus, it would appear that 
affinity maturation was slower in the lower anti-Hib-PS re- 
sponders, but by the time of the booster (3-7 months later) 
antibodies of relatively higher avidity had been produced by 
these infants. 

We found that the DTaP-PR P-T-HB combination vaccine 
studied produced antibody with BA that correlated closely with 
total IgG anti-Hib-PS antibody. The critical issue of clinical 
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relevance is the production of adequate quantities of bacteri- 
cidal antibody after DTaP-PRP-T-HB combination immuni- 
zation. Measurement of bactericidal antibody induced by Hib 
conjugate vaccines is important because of functional differ- 
ences in idiotypically defined IgG anti-Hib-PS antibody J12]. 
Antibody avidity did not correlate with bactericidal titers. 

Only children with <1.0 /zg/mL anti-Hib-PS IgG antibody 
after the primary series received a CRM l97 -OS booster. All in- 
fants responded to the CRM l97 -OS booster with a rise in IgG 
anti-Hib-PS antibody. Seven children showed a rise in 
anti-Hib-PS IgG antibody level between the primary series and 
the booster; this rise possibly occurred because of interim ex- 
posure to Hib or cross-reacting antigens or the resolution of a 
developmental delay in the priming process. These 7 children 
had significantly higher anti-Hib-PS antibody levels and mean 
AI after boosting than the other boosted children. 

Goldblatt et al. [13] recently studied anti-Hib-PS IgG avidity 
in children receiving whole-cell DTP vaccine (Wellcome, Beck- 
enham, UK) mixed in the same syringe with PRP-T or CRM 197 - 
OS Hib conjugate vaccines administered as a 3-dose schedule 
at 2, 3, and 4 months of age followed by a booster at age 12 
months with either of the 2 conjugate vaccines. Similar to our 
results, they found that anti-Hib-PS IgG antibody avidity rose, 
while antibody levels fell in the time span between the primary 
series and the Hib conjugate booster and a differentia] in post- 
priming antibody avidity among children with lower (<1 jig/ 
mL) versus higher (3*1 /tg/mL) anti-Hib-PS IgG concentra- 
tions. Because avidity was lower in vaccinees whose postprim- 
ing anti-Hib-PS IgG concentration was <1 ng/mL and these 
same children had lower postboost anti-Hib-PS antibody lev- 
els, Goldblatt et al. suggested that those with lower anti-Hib- 
PS IgG antibody were not primed. We found 2 children with 
low anti-Hib-PS antibody levels after boosting, but both had 
high avidity antibody (58% and 73%). In their study and ours, 
postboost GM anti-Hib-PS antibody was high even in those 
with <1 .0 pgfmL anti-Hib-PS antibody after the primary series. 
An Hib conjugate booster in a similar age group of children 
who were not primed would produce little or no anti-Hib-PS 
IgG antibody [14]. The difference observed in anti-Hib-PS 
avidity after boosting in the study by Goldblatt et al. may have 
been due to the close spacing of primary vaccinations [15). A 
broader implication of our work and that of Goldblatt et al. 
may be that closely spaced vaccinations adversely affects an- 
tibody affinity maturation in children. This notion deserves 
further study. 
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CONCISE COMMUNICATIONS 

The Induction of Immunologic Memory after Vaccination with Haemophilus 
influenzae Type b Conjugate and Acellular Pertussis-Containing Diphtheria, 
Tetanus, and Pertussis Vaccine Combination 

D. Goldblatt, 1 R Richmond,'* 2 E. Millard, 1 1 Immunobiology Unit, Institute of Child Health, and ^Immunisation 

C. Thornton, 3 and E. Miller 2 Division. Public Health Laboratory Service, Communicable Disease 

Surveillance Centre, London; 3 Centre for Applied Microbiology 
Research, Salisbury, United Kingdom 

The significance of reduced antibody responses to the Haemophilus influenzae type b (Hib) 
component of acellular pertussis-containing combination vaccines (DTaP-Hib) is unclear. A 
DTaP-Hib vaccine evaluated in infants vaccinated at ages 2, 3, and 4 months showed reduced 
anti-Hib polysaccharide IgG (geometric mean concentration [CMC], 1.23 pg/mL; 57%, >1.0 
/tg/mL). Polyribitolribosyl phosphate (PRP) and Hib conjugate (PRP-T) vaccine given as a 
booster during the second year of life was evaluated for the presence of immunological mem- 
ory. After boosting, most children achieved anti-PRP IgG >1.0 fig/mL, although the GMC 
was higher with PRP-T (88.5 ftg/mL) than with PRP vaccine (7.86 /ig/mL, P < .001 ). The GMC 
of the PRP group was higher than anticipated for naive PRP recipients of the same age. PRP- 
specific IgG avidity was significantly higher after boosting than after priming, providing fur- 
ther evidence for the generation of memory. Despite reduced immunogenicity, DTaP-Hib 
combination vaccines appear to prime for immunologic memory. 



An increasing number of countries are changing from whole 
cell pertussis (wP) to acellular pertussis (aP) vaccines because 
of reduced reactogenicity. However, unlike wP vaccine com- 
binations, aP-containing diphtheria, tetanus, and Haemophilus 
influenzae type b conjugate (DTaP-Hib) combinations have 
shown reduced immunogenicity of the Hib component [1J. Al- 
though the significance of this for clinical protection is unclear, 
the US Food and Drug Administration (FDA) recommends 
that DTaP and Hib vaccines not be given as a combined in- 
jection to infants [2]. 

We conducted a phase II trial of a DTaP-Hib combination 
vaccine in infants and observed reduced responses to the Hib 
component. To help evaluate whether vaccinees had been 
primed for memory, children were randomized in their second 
year of life to receive either Hib conjugate vaccine or plain Hib 
polysaccharide polyribitolribosyl phosphate (PRP) vaccine- 
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PRP as an immunogen can be used to mimic natural exposure 
to Hib and, in young children, can help differentiate booster 
from primary responses. In addition to IgG levels, we meas ured 
the avidity of PRP-specific IgG because an increase ca n be 
indicative of the establishme nt of immunolog ic memory [3J. 

Materials and Methods 

Study population. Infants eligible for primary immunizations 
at ages 2, 3, and 4 months with diphtheria-tetanus-pertussis (DTP), 
Hib, and oral polio vaccines were recruited between June 1996 and 
January 1997 from general practices in Hertfordshire. Contra- 
indications to further doses were as specified in the national UK 
guidelines. 

Vaccines and immunization schedule. All study vaccines were 
manufactured by SmithKJine Beecham Biologicals, Rixensart, Bel- 
gium. The lyophilized Hib tetanus toxoid conjugate vaccine (PRP- 
T, Hiberix) contained 10 fig of PRP covalently linked to a purified 
tetanus toxoid (30 /tg). The DTaP vaccine (Infanrix) consisted of 
separately purified pertussis antigens: 25 fig of pertussis toxoid 
(PT), 25 fig of filamentous hemagglutinin (FHA), 8 fig of pertactin 
(PRN) with 10 Lf of tetanus toxoid (potency >40 IU/dose) and 25 
Lf of diphtheria toxoid (potency specification >30 IU/dose; fiducial 
limits of batch used 25-56 IU, as determined by the National 
Institute for Biological Standards and Control, Potters Bar, UK) 
adsorbed to 0.5 mg of aluminum hydroxide. The PRP-T vaccine 
was reconstituted with the DTaP vaccine and given by intramus- 
cular injection into the thigh, arm, or buttock. 

After reduced Hib antibody responses to the primary immuni- 
zation course, a booster dose of Hib vaccine was offered to all 
study participants. Infants were stratified into three groups ac- 
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cording to their postprimary Hib IgG response (<0.15, 0.15-1.0, 
or >1 .0 /tg/mL) and were randomized to receive either a single dose 
of unconjugated PRP vaccine (containing 10 fig of PRP. no ad- 
juvant) or a fourth dose of PRP-T. 

Blood samples were obtained before the first dose, 4-6 weeks 
after the third dose, and before and 4-6 weeks after the booster 
immunization. Sera were separated, frozen, and stored at -20°C 
until tested for antibody levels. 

Serologic studies. Sera were tested for PRP IgG by a stan- 
dardized ELISA protocol, as described elsewhere [4]. Antibody 
concentrations were derived from an international standard prep- 
aration and expressed in micrograms per milliliter (lower level of 
sensitivity, 0.15 /zg/mL). PRP IgG avidity was measured by mod- 
ification of an ELISA incorporating the chaotrope, ammonium 
thiocyanate [5J. One change to the assay was the use of Hib capsular 
oligosaccharide conjugated to human albumin (V/yeth Lederie Vac- 
cines and Pediatrics, Rochester, NY) as the solid-phase antigen, in 
contrast to the PRP-conjugated poly-L-lysine used previously. This 
change, brought about by the difficulty in obtaining plain PRP, 
precluded comparison with previously published PRP avidity val- 
ues because of the lower values obtained with the modified assay. 
Serum IgG to PT, FHA, and PRN were measured by ELISA, as 
described elsewhere [6], and expressed in US IgG unitages accord- 
ing to US pertussis reference sera (lot 3 for PT/FHA; lot 4 for 
PRN). 

Statistical evaluation. Antibody levels and avidity indices were 
log-transformed, and differences in geometric means were com- 
pared by regression or Student's / test Differences in proportions 
were compared by x 2 or Fisher's exact test The relationship be- 
tween PRP IgG levels and antibody levels to the other vaccine 
components was measured using Spearman's correlation coeffi- 
cient Partial correlations between log-transformed antibody levels 
were calculated, to identify the independent correlations between 
each pair of antibodies after accounting for their correlation with 
the other antibodies. 



Results 

Study subjects. In all, 149 infants (87 boys, 62 girls) were 
recruited, and 148 received 3 doses of DTaP-Hib vaccine (1 
child withdrew from the study after leaving the district). Pre- 
and postimmunization blood samples were obtained from 144 



children, of whom 122 received a booster immunization; pre- 
and postbooster blood samples were obtained from 1 20 children 
(61 PRP, 59 PRP-T). The median ages at first dose and booster 
immunizations were 8 weeks (range, 7-12) and 16 months 
(range, 12-21), with no differences between study groups. The 
median interval between the third dose and the blood sampling 
was 48 days (range, 28-1 17) and between the booster dose and 
the blood sampling, 30 days (range, 27-56). 

Immunogenicity After primary immunization, only 57% of 
infants achieved a PRP IgG titer of >1.0 /xg/mL (table 1), the 
level considered indicative of long-term protection, compared 
with 93% of the historical controls given DTwP-Hib vaccines 
[7J. After boosting, all vaccinees achieved PRP IgG titers above 
the minimum protective level (0.15 /ig/mL), although the pro- 
portion achieving titers >1 jig/mL and the geometric mean con- 
centration (GMQ of PRP IgG were higher in those boosted 
with PRP-T than in those boosted with PRP (P = .003 and 
P<.001, respectively; table 1). 

In both booster groups, PRP IgG avidity was significantly 
higher 1 month after boosting than 1 month after completing 
the primary immunization series (fold increase: PRP group, 
2.03, 95% confidence interval [CI], 1.64-2.51; PRP-T group, 
1.55, 95% CI, 1.27-1.88). Despite the lower GMCs achieved in 
the PRP group, the avidity index was higher than in those 
boosted with PRP-T (P < .001 ; table 1 ). This difference was still 
apparent when the results were stratified by PRP IgG levels 
after the third vaccination (P< .001 within each postthird vac- 
cine group; table 2). Within each booster group, the avidity 
index was not significantly different between those with post- 
third vaccination levels below or >1 jtg/mL (PRP group, P = 
.58; PRP-T group, P = .14). The magnitude of the booster re- 
sponse, as measured by fold difference between pre- and post- 
booster PRP IgG level, was correlated with the fold increase 
in avidity between postthird and postbooster sera for those 
boosted with PRP (r = .36, P = .009), but not for those boosted 
with PRP-T (r = .02, P = .91). 

Infants with low PRP IgG levels after the third dose had 
lower antibody titers to all other vaccine antigens (table 2). 
After adjusting for this individual responsiveness, partial cor- 



Table 1. The geometric mean concentration (GMQ of anti-polyribitolribosyl phosphate (PRP) IgG, the proportions of children 
with antibody titers <0. 1 5 or >1.0 /*g/mL. the number with a >4-fold increase in IgG after a booster, and the geometric mean avidity 
index at age 5 months after primary immunization with 3 doses of acellular pertussis-containing diptheria, tetanus, and Haemophilus 
influenzae type b conjugate (DTaP-Hib) vaccine and immediately prior to and 1 month after a booster dose of Hib conjugate vaccine 
or plain PRP given at a mean age of 16 months. 



Anti-PRP IgG levels mg/mL 



Avidhy index. 







IgG GMC 


<0.15 Mg/mL 


>1.0 pg/mL 


>4-fbkJ increase 




geometric mean 


Time measured, group tested 


No. 


(95% CI) 


«<%) 


/!<%) 


(pre booster: post booster) 


n 


(95% a> 


After primary, all 


145 


1.23 (0.98-1.58) 


7 (4.9) 


82 (57) 




122 


0.05 (0.045-O.056) 


Before booster, all 


120 


0.25 (0.21-0 JO) 


38(31.4) 


9 (7.5) 




ND 




After booster 
















PRP 


61 


7.86 (5.30-11.70) 


0 


52 (85) 


58/61 (95) 


61 


0.109 (0.091-0.130) 


Conjugate 


59 


88.5 (64.4-121.5) 


0 


59 (100) 


59/59 (100) 


59 


0.068 (0.058-0.080) 


NOTE- CI. confidence interval: ND. not determined. 
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Table 2. Geometric mean (GM) antibody responses (range) to polyribitoltibosyl phos- 
phate (PRP). diphtheria, tetanus, and pertussis components of combined aceliular per- 
tussis-containing diptheria, tetanus, and Haemophilus influenzae type b conjugate (DTPa- 
Hib) vaccine, and Hib response to boosting stratified by postlhird vaccination anti-PRP 
level. 





GM response after third vaccination 




ssl.O /ig/mL 


>I.O fig/mL 


Anti-PRP GM concentration («) 


60 


60 


After PRP boost 


2.93 (1.89-4.53) 


17.8(11.2-28.4) 


After conjugate boost 


54.7 (35.6-84.2) 


156 (107-228) 


GM avidity index 






After PRP boost 


0.104 (0.077-0.141) 


0.114 (0.092-0.141) 


After conjugate boost 


0.061 (0.048-0.078) 


0.078 (0.064-0.095) 


GM titer of IgG after third vaccination (n) 


62 


82 


Diphtheria lU/mL 


0.51 (0.43-0.59) 


0.94 (0.82-1.06) 


Tetanus IU/mL 


0.61 (0.52-0.70) 


1 35 (1.19-1.53) 


Pertussis toxin U/mL 


29.95 (25.97-34.58) 


46.31 (40.96-52 J5) 


PRN U/mL 


57.02(45.61-71.26) 


114.7(96.41-136.45) 


Filamentous hemagglutinin U/mL 


79.4 (68.15-92.51) 


93.1 (79.3- 109 J) 



relation analysis revealed the strongest independent positive 
correlation between the Hib and tetanus antibody levels (r = 
.23, P < .05). Despite the lower than specified diphtheria po- 
tency, all vaccinees had antibody levels >0.05 IU/mL after the 
third vaccine dose. 

Discussion 

Recent studies describing the reduced immunogenicity of the 
Hib component in DTaP-Hib combination vaccines [1, 8, 9], 
together with an increasing awareness of the importance of the 
induction of immunologic memory for long-term protection 
against Hib disease, have highlighted the need for sensitive ways 
to assess immunologic memory. Analyses of the antibody levels 
achieved after plain PRP or Hib conjugate vaccine boosters in 
primed infants have been used for this purpose, but interpre- 
tation of data has been hampered by the ethical constraints of 
generating contemporary control data from unprimed age- 
matched children given a single dose of plain or conjugated 
PRP. Historical comparisons may be informative but require 
careful review of the literature. For example, in a recent study 
of children with reduced primary responses to a combination 
vaccine [9], a PRP IgG GMC of 9.02 ftg/mL after a booster 
dose of a Hib conjugate vaccine was considered indicative of 
a memory response despite higher values in the literature for 
a single dose of the same vaccine in unprimed 15-month-old 
children [10], 

Gur study is the first to directly compare PRP IgG levels 
induced by plain PRP or conjugated Hib booster in recipients 
of DTaP-Hib and to use the measurement of PRP IgG avidity 
to aid interpretation of the results. PRP is a plain polysaccha- 
ride. It can stimulate memory cells but elicits poor responses 
from naive B cells in children <2 years old. Thus, it is better 
than the highly immunogenic conjugate vaccines for assessing 
the presence of immunologic memory. An antibody titer >1 /ig/ 
mL is rarely achieved by toddlers receiving plain PRP for the 



first time in the second year of life [1 1 J. In our study, the GMC 
achieved by the group boosted with plain PRP (7.86 /ig/mL) 
indicates that immunologic memory was established. 

Antibody avidity increases over time and after boosting in 
persons successfully primed for a memory response and has 
been used as a surrogate marker for the induction of memory 
to the Hib component of the DTwP-Hib conjugate [5] and of 
the pneumococcal capsular polysaccharides contained in pneu- 
mococcal conjugate vaccines [12]. In this study, PRP IgG avid- 
ity was greater after boosting than after primary immunization, 
providing additional evidence of the successful generation of 
immunologic memory by the DTaP-Hib vaccine, even in those 
with poor postthird PRP vaccine IgG responses. Of interest, 
the postbooster avidity index in the 3 infants with postthird 
vaccination IgG PRP levels <0.15 /ig/mL who received a PRP 
booster (0.081 , 0.097, and 0.078 ftg/mL, respectively) was higher 
than that observed after primary immunization, although their 
postbooster PRP IgG levels increased only modestly (0.38, 0.69, 
and 2.63 /ig/mL, respectively). Thus, T cell help and the gen- 
eration of immunologic memory may occur in the absence of 
a detectable primary antibody response. 

Children with reduced PRP IgG responses also had signifi- 
cantly reduced antibody responses to all vaccine antigens, but 
most markedly to the tetanus component. This finding supports 
the assertion of Dagan et al. [13], that dominance of carrier- 
specific B cells (also known as epitopic suppression) is unlikely 
to be the major mechanism responsible for the reduced Hib 
response. The genera] correlation between antibody responses 
to all vaccine antigens is also seen with DTwP-Hib vaccines in 
UK infants (Miller E, personal communication) and may reflect 
individual variation in the degree of age-dependent maturation 
of the immune system. 

The rationale for developing aP vaccines was to reduce reac- 
togenicity. However, the benefit of an improved reactogenicity 
profile with DTaP-Hib vaccines needs to be balanced against 
the possible disadvantages of a reduced Hib response or an 
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increased number of injections if, as recommended by the FDA, 
such combinations are not used in infants. Our study suggests 
that DTaP-Hib combination vaccines adequately prime for 
memory despite reduced Hib responses. The protective capacity 
of such combinations has not been studied, but the PRP IgG 
titers achieved after primary immunization with DTaP-Hib vac- 
cines were higher than those seen with PRP-diphtheria toxoid 
conjugate vaccines, which have been highly effective in Finland 
[14]. In populations at high risk of early onset Hib disease [15], 
DTaP-Hib combination vaccines might not be appropriate, as 
the reduced levels of antibody in the period between priming 
and boosting may be important in determining protection. 
Avidity measures and booster responses are at best surrogates 
of protection, and careful postlicensure disease surveillance in 
countries switching to DTaP-Hib combination vaccines will be 
essential, particularly if no booster is given in the second year 
of life. 

Ackno wledgmen ts 

We thank the study nurses in Hertfordshire for carrying out recruit- 
ment and vaccination, Joan Vurdien and Teresa Gibbs for study ad- 
ministration, Pauline Waight for data analysis, Nick Andrews for sta- 
tistical advice, Ted Ashworth for advice on the DTP antibody assays, 
and Maggie Vickers for help with the Hib avidity assays. 

References 

1 . Eskola J. Olander R, Hovi T, Litmanen L, Peltola S, Kayhty H. Randomised 

trial of the effect of co-administration with acellular pertussis DTP vaccine 
on immunogenicity of Haemophilus influenzae type b conjugate vaccine. 
Lancet 1996;348:1688-92. 

2. Nightingale SL. From the Food and Drug Administration: off-label use of 

Haemophilus vaccine in combination with DTaP vaccine. JAMA 1998; 
280:1128 

3. Berek C. Somatic mutation and memory. Curr Opin Immunol 1993; 5:2 1 S-22. 

4. Phi pps DC, Wat J, Eby R, Koster M, Madore DV, Quataert SA. An ELISA 

employing a Haemophilus influenzae type b oligosacchari de-human serum 



albumin conjugate correlates with the radioantigen binding assay. J Im- 
munol Methods 1990:135:121-8. 

5. Goldblatt D, Pinto Vas R, Miller E. Antibody avidity as a surrogate marker 

of successful priming by Haemophilus influenzae type b conjugate vaccine 
following infant immunization. J Infect Dis 1998; 177:1112-5. 

6. Miller E. Ashworth LA, Redhead K. Thornton C. Waight PA. Coleman T. 

Effect of schedule on reactogenicity and antibody persistence of acellular 
and whole-cell pertussis vaccines: value of laboratory tests as predictors 
of clinical performance. Vaccine 1997;15:51-60. 

7. Goldblatt D. FairleyCK. Cartwright K. Miller E. Interchangeability of con- 

jugated Haemophilus influenzae type b vaccines during the primary im- 
munisation of infants at 2. 3 and 4 months. BMJ 19%; 3 12:817-8. 

8. Zepp F, Schmitt HJ, Kaufhold A. et al. Evidence for induction of polysac- 

charide specific B-cell-memory in the 1st year of life: plain Haemophilus 
influenzae type b-PRP (Hib) boosters children primed with a tetanus- 
conjugate Hib-DTPa-HBV combined vaccine. Eur J Pediatr 1997; 156: 
18-24. 

9. Pichichero ME, Passador S. Administration of combined diphtheria and tet- 

anus toxoids and pertussis vaccine, hepatitis B vaccine, and Haemophilus 
influenzae type b (Hib) vaccine to infants and response to a booster dose 
of Hib conjugate vaccine. Clin Infect Dis 1997:25:1378-84. 

10. Steinhoff MC, Thorns ML, Dannenfdser S, O'Donovan C. Immunogenicity 

of H. Influenzae type b-CRM197 conjugate vaccine (HbOC) given si- 
multaneously with routine childhood immunizations. Pediatr Res 1990; 
27: 184 A. 

11. Kayhty H, Karanko V. Peltola H, Makela PH. Serum antibodies after vac- 

cination with Haemophilus influenzae type b capsular polysaccharide and 
responses to rennmunization: no evidence of immunologic tolerance or 
memory. Pediatrics 1984;74:857-65. 

12. Anttila M. Eskola J, Ahman H, Kayhty H. Avidity of IgG for Streptococcus 

pneumoniae type 6B and 23F polysaccharides in infants primed with pneu- 
mococcal conjugates and boosted with polysaccharide or conjugate vac- 
cines. J Infect Dis 1998; 177:1614-21. 

13. Dagan R, Eskola J, Leclerc C, Leroy O. Reduced response to multiple vac- 

cines sharing common protein epitopes that are administered simulta- 
neously to infants. Infect Immun 1998; 66:2093-8. 

14. Eskola J, Kayhty H, Takala AJC et al. A randomized, prospective field trial 

of a conjugate vaccine in the protection of infants and young children 
against invasive Haemophilus influenzae type b disease [see comments]. N 
Engl J Med 1990;323:1381-7. 

15. Ward J. Commentary: results of efficacy trials in Alaska and Finland of 

Haemophilus influenzae type b conjugate vaccine. Pediatrics 1990:85:667. 



513) 991-2760 Order # 02637987DP02056128 Tue Mar 19 17:49:54 2002 Page 3 of 9 




SUPPLEMENT ARTICLE 



Combination Vaccines: Defining and Addressing 
Current Safety Concerns 



Neal A. Halsey 

Institute for Vaccine Safety, Johns Hopkins University, Baltimore 



Combination vaccines have been in use for >50 years. Historical problems with vaccines, including intussus- 
ception after rotavirus vaccine, carrier suppression with tetanus toxoid conjugate vaccines, and decreased 
inununogenicity of some Haemophilus influenzae type b conjugate vaccines when m faced with acellular per-; 
tussis-diphtheria-tetanus, have contributed to some misperceptions about current vaccines. There is no evidence v ; 
that adding additional vaccines through combina tion products increases the burden on the immun e syslem, . V, 
whic h has the capability of resp ond ing to many millio ns of antigens. Combining antigens usually does. not ■ . v/ 
increase adverse effects — in fact, it can lead to an overall reduction in adverse events. Combination products 
. simplify immunization and allow for the introduction of new vaccines without requiring the yaccinee to «Mke;^4lp' 
additional visits to his or her health care provider. Licensed combination vaccines undergo extensive testii^'4^^ 



.. V.J - 



mi 

-s-^yi'-' 




that can contribute to adverse events [ 1. 2j. Moreowr,^ aciiopod ; and inobduccd into the routine iinmuni-;^?^ 
combination products have simplified inmnmistti^^i^^^^^^-if '^•"n^nbei," 5 if^^^aS^s?-^^r^^^' 

****** """wing for the w^dnctwn of f^endelf ^routine tisc continues u^c^^^&w^0! 

vaccines to the immnni/ati^^ * . j-. . : • 
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: point there could be a limit to the number of injections ; 
- and ahuRens that we can administer at one time, and . r : : Y^;J;jf$g 
' * we may need to consider adding additional visits to the ||p 
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1 - Table 1. Combination vaccines cunsnlly phate (11^) concentrations obsen-ed when some of these prod- ] 

licensed in 1 or more countries. uctji ^ combined will not translate into a decreased effec- | 

tiveness of these vaccines, but a greater understanding of the * 

DTP/DTaP cmst | ower responses is needed [Sj. The primary criterion | 

Inactivated poxvirus vaccine for a combination product shouUj ^ decreased per- S 

Oral policvirus vaccine centages of children who develop protective antibody concen- '\ 

Measles, mumps, and rubella ^ ^ deaeased seroc0nver sion rates were noted j 

Mumps and rubella fof spedfic ]ot$ of pRp . 0MP [Neisseria meningitidis outer ! 

Meningococcal A, C, X W135 mcm brane protein conjugate vaconc), high protection ob- f 

Pnoumococcalpolvsacchar.de ^ .^.^ ^ primmg had oc- \ 

Pneumococcal conjugate (PCV7) [g] ^ gujdelines ^ in this area, and some \ 

DTP-Htb flexibility should be provided because the issues may differ by \ 

| DTaP-Hib ^ of pK)dllcL -The us F 00 d and Drug Administration has \ 



% DTP-Hep B 



difficult decisions to make, but some variability in geometric 



jf- DTP^eP B Hlb - mean antibody concentrations is to be expected and should 

*| DTP-IPV • v - • ^ _ :\.. not preclude the approval of new combination products. ■ 

I DTaP-lPV-H.b .■ '^ : ^^ : A : l^\:4 <:^.V- : ::|,.Soiin» of w^und^ V; 

| . DTaP-Hep B-IPV — — '• ' rv * — " ^^fs?^-j Concerns regarding the ^possibility of racrcascd advene events ." ; 

NOTE. DTsf? eceiiuiar pertussis-dip»rthefia-tetfinus; '^''r V - ; V\ 4 by adding vaccines logemerare unfounded for such vaccines 
D ^^^^T^^^^ '- ' r / as MM*, ^off^^.^^ I» «te3 Rafter V 
vaccine. ' " .;■ < J^f' C ^ . 

: - S'^-J£h?1\'^'--S'. ; j/'-V"?' alone is administered; the inclusion i of rubella vaccine adds a. 
CONCERNS AND MISPERCEf^ON^ variable incidence -of ar£r^^^de^no^ng on &e age and sex; ^ ; 

ABOUT COMBINATION VACaNES t^^l*^™ 2 *^ ' 10 l 

'< ." ^-'/j^K'-i-:/^^ die ^combination 1 pr^uct (> K no grater .thaxi^ thjr sum ofv; ; ^ ; j 




decreased immunogenccity when adding 
ularly scheduled visits (table 4) [5]. W 
concerns and misperceptions about combination vaccines? ^> 

Conrerm about decreased effectiveness* Concern regard 
ing decreased effectiveness when vaccines, are combined has 
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sli^itly lower ge metric mean anti-r^lyribosyl ribrt 1 ph s- ; : " note Fiom the Committee on infectious Oisoasespi. 
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Table 1 Mispercepti its about com- 
bination vaccines. 

|fj Combination vaccines are new. 

jfe Children receive loo many vaccines. 

||f immune system "overload." 

Combined vaccines are less effective. 
lif: Combined vaccines cause more reactions. 



ucts produce higher local reaction rates than do nonadsurbed 
products. Cx>mbiniiig diphdieria toxoid with tetanus toxoid 
results in higher reaction rates than tetanus toxoid alone, but 
not higher than diphtheria toxoid alone. The overall effect of 
combination products is a reduction in adverse events, com- 
pared with administering these products separately. Some new 
products that combine DTaP. with hepatitis B or Hib vaccine 
' "cause slightly higher ratcs^bf local erythema than does either 
product administered separately (figure 1), but the incidence 
is not greater than the cumulative effect of the 2 products 



1: 



trol and Prevention, and the American Academy of Pediatrics 
should increase confidena: that concerned officials are moni- 
toring the safety of new vaccines [13-17], If extensive testing 
of new rotavirus vaccines reveals no increased risk of intus- 
susception, then there wil) be a need tor intensive educational 
programs to inform the public about the safety of these new 
products. 

The experience with rotavirus vaccine has led to suggestions 
that safety testing of new vaccines be rraxufied to include ex- 
tended prelicensure safety trials after demonstration that a vac- 
cine is efficacious (18). Extended prekcensure assessment in con- 
trolled trials of the recently approved pneumococcal conjugate 
vaccine in California and among Native Americans has provided 
an example of how some expanded safety data might be gen- 
erated. After data became available tliat demonstrated that the . 
vaccine was efficacious, the investigators maintained the double- 
blind study protocol and collected extended safety and efficacy 
. data for many months, thus coUccting information about du- 
r ration of protection from the vaccine and adverse events during 



V2 ,c i7i 'a— ^n^^WA-wi,^ .w***. have been continued, and they have generated more data on 

safety than might have been accrued if the investigators had been 
m^r^l^i urt.l :i.i. •-jV;^;::^:^^^ recipients pneumococcal vaccine as 

the first study [20]- The 
should provide increased 
vaccine- p-f^k-^ 
new vaccines' should have a • 
the new vaccines pending 




f of RRV in the United StatesWuW^f a don^lrated causal '^imm^^ba^^^^ groups could be iden-. 




, pr blem, prompt and efficient investigation, and effective ac- 
tions taken by the manufacturer, the Centers for Disease Con- 



'this ; vaccine has enorm us potential for preventing pneumonia, 
Y meningitis, and other severe disease due to Streptococcus pneu- 
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maniac Withholding this vaccine from young children could 
not he justified. These decisions arc complex and require eval- 
uation of the risks of disease, severity of complication, avail- 
ability of alternative approaches to disease prevention, and eco- 
nomic factors that arc weighed by advisory committees before 
making recommendations. 

Do vaccines increase the burden on the immune system? 
Several parents* groups and some doctors have been concerned 
that the adrninistration of several antigens at one time might 
have an adverse affect on the host imrotme system. What is 
the origin of this concern? Dagan et al. [21] have shown that 
large doses of tetanus toxoid administered simultaneously with 
a pneumococcal conjugate vaccine, using tetanus toxoid as the 
carrier protein, resulted in a dose- dependent decreased re- 
IP S V sponsc to PRP, which was adnunistcrcd as a PRP-tetanus com- 
-\ bination (figure 3) [22]. The recently licensed pneumococcal 
It- v,;S' : conjug*te vaccine uses a different carrier protein (modified 



p -^ ^ diphtheria toxoid), arid there is ho evidence of carrier sup- 




figure 1 . Erythema after combined or separate administration of acel- 
lular pertussis-diphtheria-tetanus (OTaPJ and Haemophilus influenzaeTjpB 
b (Hib) vaccines. From Pichichero et al. [6]. 



titer [26J. Safety testing revealed no increase in jthe^ r^ of^^;^\. •/ 
fever or rash, with the high-titer vaccines containing >10 5 cfa '.f'^Jc r :{ " ■■. 
per milliliter, but long-term follow-up revealed an increased 
risk of delayed mortality in girls residing in developing coun-;^ V 
tries where baseline infant mortality rates werolOO deaths per , f . , ; / 
1000 live births [27-29]. Testing of rj-mphocyte function '■■■^.Y?' 
skin testing and other assays revealed a small, but stetj&cali^^^^Sr- 
significant, lower response in children who had received higji^>^^t^^vf 
P*l!fp^^^ ann^ens after . MMR vaccines .. titer vaccine, compared with children who received stendardii|^p|^|^ 

P'^^]^25p&ich§£ these yaijee^^ when the <Mdrcn wre;i^^^|^|^|g;|^- 

m^^Mi^iiSaaatad with? decreased skin test reactivity for 



^f : -f/f'^/prcssicm with this vaccine. Nevertheless, the observation that 
^i^>^; carrier suppression can occur contributes to the concern about 
p' ^^v administration of large doses of some antigens, possibly sup- 
P;;Sl^P«ssing the host immune response to other antigens [22]. 

second phenomenon that may contribute to the concern 
11^^? ^afc^ut immune suppression is transient decreased delayed-type 

.MMR vaccines 

. Each : s of these vaccines,' when administered separately, 




$%&&i$WBigh-titet measles vaccines, ^ In the late 1980s, efforts were >v direct effects 
5?-5:>;# undertaken to induce prolecuciri 'against measles ut children v. mortality 




Factors influencing concerns V 




} Practicing 

-physicians . Parents 0 : 
(n - 213) (n = 197) 



Residents" 
in = 74) : 



4 



Pain of multiple injections to child ^ * v - 


82 1 


62 b 


67 - 


PossibiBty of increased side effects s < 


55 




45 


feasibility of reduced immunogenicrty 


'42 




45 


Negative effect on patient return" 


56 ; < 




55 


Negative' effect on office staff \ " 


52 




33 c 




Parents and residents compared with practicing physicians. 
v ) b ><.OOt,t3vx 2 tesL 1 . 

; "- t R = .008, by test , 
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Figure 2. Adverse events after vaccination with diphthcria-tmanus- 
pertussis (DTP! and inactivated poliovirus vaccine {IPV} in a dual-cham- 
bmed svririgc compared with DTP alone at 6 months of age. From Halsey 
et al. [141 : : .. 



agents, there is no evidence that parenteral exposure would lead 
to substantially different safety effects if the dese is controlled. 

Seme experts have estimated that the human immune system 
b capable of responding tc at least 10 million different antigens 
134). It is unlikely thai we wfll use up the ability of the immune 
system to respond to multiple antigens in vaccines in the fore- 
seeable future. The US Army has administered multiple vac- 
cines to military recruits for many years. A study of 99 men 
who received up to 134 mL of multiple vaccines and 6-93 skin 
test microbial antigens revealed no harmful affects after 25 years 
[35]. The immune system of healthy adults differs from that 
of infants, but this experience provides some reassurance re- 
garding the lack of harmful effects from administering much 
larger doses of antigens than arc usually administered. 

Unfounded concerns about varicella vaccine. Another 
source of possible concern about simultaneous administration, 
of multiple 'ann^'^urlaoed when" some children developed 
varicella-like rashes within a few weeks after receipt of varicella 
vaccracV which was often adimmstcirf ( simwtaneousiy ' with 
MMR. The vaccine inanufacturer set up a study to have viral 



mortality was associated with high-ttter vaccine in developing . Stares ^ unusual illnesses 



_ r — «■ - CUUUIC3 UUUUUVU u.v**» — ; . , /. : ;V-.-*V 

countries with infant mortality rates of 40-90 per 1000 liv* ^ate.iic^ t&i 

births or in more developed countries. I believe that the advers^W j^^^^ fanfcfo^J^ 

^ ' ' * / ^^Jligwe^^ 

& ^ closure to multiple other infections that children in unpov-^ ^ cbualen^^ 
^%^erishe^ 



l^^^'iespiratory tracts within a few hours of life. Some 
^C$!p0k: developed vacdnes protect children against disease t 

onl y 1 or 2 antigens. For example, Hib conjugate vaccines ^ ^ , ^ ^ ^ 
'.^^WM ; -oniy' the PRP antigen plus a carrier protein. Children ^*|S||§^^^ 

at least 10 limes as many antigens. Hepatitis B vacdneconasts 
«f nnlv a Pinole antieen. hut infection with hepatitis B can 1 



9 x^V&l 

l Mm 



tuatty reduce the number f antigens to which the inynune^,.. ?r .^ ^tVj-V*; ; V J ^"£.jr:i:&& 

system is required to respond. Although the route of«^re/;^y^ ribitol phosphate W when ad ^ 

f r vaccines is usually parenteral, as compared with mucus ./ministered with vaccines sharing common protein epitopes. 6MT. geo- ; v 
Lembrane exposuTL natural exposure to the infceucus metric mean titer; TL, tetanus toxoid. From Dagan 



Fr m (613) 991-2760 



Order # 02637987DP02056128 Tue Mar 19 17:49:54 2002 



Page 8 of 9 



M 



MMR 



M 



12 13 14 

Age in Months 

Figure 4. Decreased doiayed-type hypersensitivity after administration 
of measles, mumps, and rubella (MMR) vaccines, separately or in 
combination. 



cemed parents* groups in the United States arc lobbying for 
more research on autism f43, 44]. Identifying the true patho- 
genesis of this disorder should help resolve this and related 
controversies. 

In conclusion, we need to emphasize that children are health- 
ier today than they ever have been in the past because of the 
use of many vaccines that effectively prevent illnesses. The use 
of combination products decreases the number of injections 
children receive, and future combination products will allow 
us to protect children against additional illnesses without add- 
ing immunization visits or increasing the number of injections 
children receive. 



acceptance of MMR from 90% in 1994 to 75% in mid-1999. 
These concerns have been generated primarily by one group 
of investigators at the Royal Free Hospital, London, under the 
direction of Dr. Andrew Wafceficld [38], who hypothesized that 
the simultaneous administration of MMR vaccines somehow 
contributes to an increased risk of autism. Wakefield found 
evidence of measles antigen in the intestinal wall of people with 
inflammatory bowel disease by means of immunofluorescence 
assay. Subsequentiy, sevcral.other centers around the world have 
failed to confirm these findings, and Iizuka et al. [39] dem- 
onstrated that the monoclonal antibody used by Wakefield 3 
cross-reacted with human tissue and that positive staining cells 
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An expert panel ("convened by the American Academy of 
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